This paper discusses the reliable controller design problem for symmetric composite systems composed of several identical subsystems. A reliable controller design procedure is presented in terms of the solutions to the Algebraic Riccati Equations. The order of these AREs is much lower than that of the symmetric composite system. The resulting closed-loop system is reliable in that it provide guaranteed internal stability and H , performance when all sensors and actuators are operational as well as when the sensors or actuators of a prescribed subsystem experiences an outage.
Introduction
Symmetric composite systems are systems consisting of identical subsystems with interconnections described by constant block-symmetric matrices. This class of systems occurs in very diverse areas such as electric power systems, industrial manipulators, computer networks, etc. [l] 121 [6] [8] . In recent years there has been a great interest in symmetric composite systems. Lunze first proposed the state model of symmetric composite systems, and investigated some of the fundamental properties of such systems [I]. In [SI, a synthesis procedure for decentralized controllers for symmetric compositc systems is prescntcd and important characteristics of such systems are observed. For uncertain symmetric composite systems, a robust controller design procedure is given in [8] .
Recently, some approaches to the design of reliable controllers that retain stability and H , performance have been developed by several authors [3] - [5] In this paper, we study the reliable control problem for symmetric composite systems. By making use of the symmetric structures, the order of the AREs involved in the design process is drastically reduced. The paper is organized as follows. The mathematical description of symmetric composite systems and and problem formulation are given in Section 2, together with some technical preliminaries. In Section 3 a reliable controller design procedure is presented in terms of the solutions to the Algebraic Riccati Equations (AREs) whose order is much lower than that of the system. The controller is reliable with respect to the outage of sensors or actuators of a prescribed subsystem. Finally, some concluding remarks are given in Section 4.
Problem formulation and preliminaries
The symmetric composite system I= under consideration consists of N ( N > 1) identical subsystems and the overall system is described by composite equations of the following form
where for i = 1, a I . , N , , we consider dynamic controllers of the following form.
where dim 6 = dim w + dim U . Then the reliable control problem considered in this paper is defined as follows. Given the symmetric composite linearsystem in (1) -(3), design a controller of the form (10)- (11) such that the resulting closed-loop system is asymptotically stable, and the &,-norm of the closed-loop transfer function matrix from [wT, w$IT to z is bounded by some prescribed y > 0 when all sensors and actuators are operational as well as when the sensors and actuators of one, but only one, prescribed subsystem experience outages.
Due to the symmetry in the system, it is sufficent to consider only outages in the first subsystem. Before going to the next section to give the design procedure for the above reliable control problem, the following technical preliminaries are needed. The following notations will be used in the sequel.
Reliable controller design
In this section, we consider the reliable control problem for the linear system of (1 - Suppose also that the following hold. 
are Hurwitz, where
Then there exists a controller of the form (7) and (8) such that the resulting closed-loop system is asymptotically stable and has the Ha-norm bound not greater than y when all sensors and actuators are operational as well as when the sensors and actuators of the first subsystem experience outages. 
Then, the controller of equation (7) and (8) The following lemma will be used in the proof of Theorem 2.
Lemma 2:
Under the assumptions of Theorem 2, the following hold:
2.
4. the controller given by (7) and (8) Remark 1: Theorem 2 presents a reliable controller design procedure for symmetric composite systems in terms of the solutions of the algebraic Reccati equations (AREs). But the order of these AREs are much lower than that of Theorem 1. The resulting closedloop system is reliable with respect to the outage of sensors and actuators of a prescribed sybsystems (the first subsystem, in this case). This result is also different from that given in [6] [8] where the solution of the ARE for a symmetric composite system is constructed from the solutions of two AREs of the same order as the subsystem. When only sensor outages, or only actuator outages are considered, simpler design procedures can be obtained from Theorem 2 and its proof. The details are omitted.
Remark 2:
It should also be noted that the condition under which the pair (Ap, Bp) is stabilizable and the pair (Ap, C,) is detectable, is a necessary condition for the equation (29) and (31) to have positive definite solutions. This condition requires that the unstable modes of the prescribed subsystem be controlled or detected by other subsystem inputs or outputs through the coupling between the subsystems. When the matrix Am = All -A12 is unstable, it can be shown by a method similar to that in the proof of Theorem 2, that the reliable controller design is impossible for the case in which the sensors and actuators of any two subsystems are susceptible to outages.
Conclusion
This paper treats the reliable control problems for symmetric composite systems composed of several identical subsystems. By taking advantage of the symmetric structure of the systems, a reliable controller design procedure is presented in terms of the solutions to the algebraic Riccati equations with lower-order. The resulting control systems are reliable in that they provide guaranteed asymptotic stability and H , performance when all sensors and actuators are operational as well as when the sensors or actuators of a prescribed subsystem experience outages.
